ABSTRACT Although rare, there have been isolated reports of autochthonous transmission of Trypanosoma cruzi Chagas in the United States. In June 2006, a human case of domestically transmitted T. cruzi was identiÞed in southern Louisiana. To examine the localized risk of human T. cruzi infection in the area surrounding the initial human case, environmental surveys of households in the area and a serological survey of the residents were performed between September 2008 and November 2009. Human T. cruzi infection was determined using a rapid antigen Þeld test, followed by conÞrmatory enzyme-linked immunosorbent assay testing in the laboratory. A perimeter search of each participating residence for Triatoma sanguisuga (LeConte), the predominant local triatomine species, was also performed. No participating individuals were positive for antibodies against T. cruzi; however, high levels of T. cruzi infection (62.4%) were detected in collected T. sanguisuga. Households with T. sanguisuga presence were less likely to use air conditioning, and more likely to have either chickens or cats on the property. While the human risk for T. cruzi infection in southeastern Louisiana is low, a high prevalence of infected T. sanguisuga does indicate a substantial latent risk for T. cruzi peridomestic transmission. Further examination of the behavior and ecology of T. sanguisuga in the region will assist in reÞning local T. cruzi risk associations.
The Chagas disease burden in the United States is estimated at between 300,000 and 1 million infected individuals, the vast majority of which are immigrants from Chagas-endemic countries (Bern and Montgomery 2009) . Eleven triatomine species have been identiÞed in the United States, encompassing 28 states; triatomines infected with Trypanosoma cruzi Chagas have been documented in 10 of these states (Bern et al. 2011) . At least 24 vertebrate species have been identiÞed as reservoirs of the parasite, with infected wildlife found in 17 states to date. Interestingly, although infections in dogs have been identiÞed with some regularity (Barr et al. 1991a , Beard et al. 2003 , McPhatter et al. 2012 , only seven human cases of autochthonous T. cruzi transmission were identiÞed between 1955 and 2006 (Woody and Woody 1955 , Schifßer et al. 1984 , Ochs et al. 1996 , Herwaldt et al. 2000 , Dorn et al. 2007 , Kjos et al. 2009 ). However, since the implementation of the Ortho EIA by the American Red Cross and Blood Systems Inc., in January 2007, an additional 16 potentially autochthonous infections have been identiÞed (Cantey et al. 2012) , and it is reasonable to expect additional instances of autochthonous transmission will continue to be identiÞed as the blood banking industry moves toward universal screening of the blood supply for T. cruzi. Currently, it is estimated that 75% of the United StatesÕ blood supply is tested for T. cruzi (Custer et al. 2012) .
In Louisiana, the primary Chagas disease vector is Triatoma sanguisuga (LeConte), and previous research has detected T. cruzi infection rates of Ͼ50% among this species (Cesa et al. 2011) . T. cruzi infection has also been documented in raccoons (Yaeger 1988 , Barr et al. 1991b , opossums (Barr et al. 1991b) , dogs (Barr et al. 1991a , Nieto et al. 2009 ), and nonhuman primates (Seibold and Wolf 1970, Dorn et al. 2012) in Louisiana, indicating an active sylvatic cycle. The single autochthonous case in the state highlights the risk of human infection (Dorn et al. 2007) , and the presence of triatomine vectors in and around homes in the area indicates the potential for additional human exposures to occur in southeastern Louisiana. In the current study, we examined potential risk factors for autochthonous T. cruzi transmission to humans in the geographic area surrounding the previously identiÞed case. We conducted a human serosurvey, household survey, and entomological investigation of the peridomestic environment. This outreach served multiple purposes: to identify additional autochthonous T. cruzi transmission events, to examine the area for the presence of T. sanguisuga vectors, and to inform local residents of Chagas disease epidemiology and potential risk factors.
Materials and Methods
Study Design. The study area was located on the West Bank of Orleans Parish, LA, along a bend in the Mississippi River (Fig. 1) , and contained substantial acreage of bottomland hardwood forest. At the onset of the study, state and city public health ofÞcials were made aware of the project and a series of community meetings were held to inform residents of the study and to offer serologic testing. Fact sheets and study materials were available in English, Spanish, and Vietnamese.
With the exception of a largely deforested modern subdivision, all 128 homes located on this peninsula were recruited for participation from October 2008 through November 2009. Homes were visited by a research team at least three times on varying days and times in an attempt to make contact with the household. A door hanger describing the study was left at the residence if there was no response. Once initial contact was made, each household was given a ßyer describing the infection, transmission, and potential risk of Chagas disease and was invited to participate in the study. Each participating residence was administered a household questionnaire, environmental assessment, and entomologic investigation. Household members aged Ն13 yr were offered serologic testing, after informed consent or assent were obtained. This study was approved by the Institutional Review Board of Tulane University Health Sciences Center (Protocol 140939-4).
Enzyme-Linked Immunosorbent Assay (ELISA) Methodology for Use With Dried Blood Spots (DBSs) on Filter Paper. The Chagatest ELISA recombinant V 3.0 (Weiner Lab, Rosario, Argentina) was evaluated for use with DBSs, as an internal quality control procedure. Whole blood was obtained from the 2006 T. cruzi human case in Louisiana via Þnger prick, and stored on a Whatman Protein Saver 903 Card (Whatman Ltd, Kent, the United Kingdom). In addition, a venous blood sample was collected and 50 l of the resulting serum was placed on a Protein Saver Card, allowed to dry for 3 h, and stored at Ϫ20ЊC until use. Three types of samples were used to validate the Chagatest ELISA: serum, serum spotted on Þlter paper, and whole blood spotted on Þlter paper. Positive and negative controls included with the Chagatest kit were also placed on the Þlter paper, allowed to dry for 3 h, and then stored at Ϫ20ЊC until use. Circular areas encompassing most of the visible dried blood were cut from each DBS and then incubated overnight in 300 l of phosphate buffered saline (PBS; 18 h) at 40ЊC to elute the samples.
The Chagatest ELISA recombinant v.3.0 was performed essentially according to manufacturer instructions, with the exception that 100 l of eluted samples were used rather than the 10 l used for other samples. Samples were tested in duplicate on each ELISA plate and, in addition, two negative controls were included to control for nonspeciÞc induction of color from any of the reagents used. Optical density (OD) values were read on an ELISA reader (Labsystems Multiskan Ascent, Thermo Fisher, Waltham, MA) at 450 nm. To classify a sample as positive or negative, as recommended in the Chagatest result interpretation instructions, the cut-off value was calculated as follows: Cutoff ϭ NC ϩ 0.300 OD, where NC corresponded to the average of negative control readings. In these experiments, the cut-off value was 0.388. The indeterminate area (cut-off value Ϯ 10%) was between 0.3492 and 0.4268.
All samples tested from the 2006 T. cruzi-positive human case (serum, serum on Þlter paper, and whole blood on Þlter paper), the positive control serum, and the positive control serum on Þlter paper tested positive according to the cut-off value. Similarly, the negative control serum on Þlter paper tested negative (OD value Ͻ0.388). While the OD values for the T. cruzi positive serum on Þlter paper resulted in a value substantially above the test cut-off values, it was lower than that of other positive samples.
Serologic Testing. Whole blood was collected from each resident participating in the serosurvey using a Þnger prick. Blood collected in a microsafe tube was used for a rapid diagnostic test within the home, using the Chagas Stat-Pack Assay (Chembio Diagnostic Systems Inc., Medford, NY) according to manufacturerÕs instructions. Results were read after 15 min and conÞrmed at 20 min. To conÞrm the results of the rapid Þeld test, 150 l of whole blood were collected on Whatman Protein Saver 903 Cards, eluted, and tested by the Chagatest ELISA recombinant v.3.0 within the laboratory. The Protein Saver Cards had three preprinted circles, each of which held 75Ð 80 l of sample. At least one circle was collected from each individual tested. Circles were cut from the DBSs and incubated overnight in 300 l of PBS (18 h) at 40ЊC to elute the samples. Samples (100 l) were tested using the Chagatest ELISA recombinant v.3.0, using the previously validated methodology described above. Blood from the 2006 T. cruzi human case was used in the ELISA as a positive control.
Household Questionnaire and Peridomestic Surveys. Household representatives were asked questions regarding the length of time they had occupied the residence, pet or livestock ownership, presence of wild animals on the property, use of air conditioning or having windows or doors open at night, and insecticide use. Residents were shown a pinned T. sanguisuga and asked if they had seen either the insect or evidence of its presence, such as fecal staining on bed sheets or walls. A research team member recorded observations of the residence and the peridomestic environment, making note of the following: structural integrity of the residence, presence and integrity of air conditioning units and screens on the windows and doors, distance of nonmaintained vegetation and forested areas around the residence, and presence or evidence of wild or domesticated animals (dogs, cats, goats, rabbits, chickens, cows, horses, and pigs).
Entomologic Investigation. A trained research team member performed a visual search for T. sanguisuga in the peridomestic area of the residence, including the perimeter of the house, animal burrows, gutter downspouts, woodpiles, chicken coops, and dog kennels. Residents were also asked to collect bugs during the study period (October 2008 to November 2009) and contact the research team when they were found.
All collected triatomine bugs were identiÞed to species using morphologic characteristics (Lent and Wygodzinsky 1979) . DNA was isolated from the dissected hindgut of each bug using DNAzol (Invitrogen, Carlsbad, CA). T. cruzi infection status was determined by polymerase chain reaction (PCR) using previously described primers (Dorn et al. 2007 ). PCR was performed on a MyCycler thermocycler (Bio-Rad Laboratories, Hercules, CA) under the following cycling parameters: 95ЊC for 4 min; 95ЊC for 30 s, 55ЊC for 30 s, 72ЊC for 45 s (40 cycles); and then at 72ЊC for 8 min. PCR products were visualized by ethidum bromide staining and UV transillumination after electrophoresis on a 1.8% agarose gel.
Statistical Methods. Exact binomial CIs for proportions, FisherÕs exact test of independence, and exact 95% CIs for odds ratios (OR) were calculated for household questionnaire and environmental assessment data using GraphPad Prism version 5.0 d (GraphPad Software Inc., LA Jolla, CA). Exact logistic regressions were calculated for continuous data and multivariate models using SAS version 9.3 (SAS Institute Inc., Cary, NC).
Results

Serologic Testing of Local Residents.
Of the 128 eligible households, contact was made with 105 households for study enrollment. Sixty-eight households agreed to participate in the household questionnaire (64.8%) and 66 agreed to participate in the environmental assessments (62.9%). From participating households, 126 individuals (50.4% male, average age: 47.5 yr, range: 14 Ð90 yr) were enrolled in the serologic survey for rapid Chagas antibody testing, and 107 had their serology results conÞrmed via ELISA in the laboratory using DBS. None of the enrolled study par-ticipants tested positive for previous exposure to the T. cruzi parasite by either method.
Entomologic Investigation. All triatomine insects collected were identiÞed as T. sanguisuga. Eighty-nine whole and four partial adult T. sanguisuga were collected from 11 households during the study period (October 2008 to November 2009; Fig. 1 ). Most bugs found were dead (84.3%) and sometimes desiccated. Twelve bugs were collected at 9 households during entomologic investigations by the research team of 66 consenting households (13.2%). Residents submitted an additional 81 bugs (live and dead) during the study period and collections were made at two additional households; an overall mean of 8.5 bugs per household. Out of the 85 T. sanguisuga tested by PCR, presence of T. cruzi kinetoplastid DNA was conÞrmed in 53 (62.4%).
Household Questionnaire and Peridomestic Survey. The mean age of a home in the study area was 20.1 yr ( Table 1 ). The majority of homes (n ϭ 56, 86.2%) had excellent structural integrity, with no visible holes, missing siding, or rotting wood. Two were mobile homes (3.1%), 22 had raised (33.9%) foundations and 43 were a concrete slab construction (66.2%). Screens were present on the windows of 56 homes (86.2%). Ninety-eight percent of homes had some type of air-conditioning unit, primarily a central air-conditioning system (86.2%). Eighty-one percent of homeowners reported using their airconditioning systems four or more nights per week during the summer, while 6% of households reported leaving their windows open four or more nights per week.
Maintained lawns and landscaping were commonly found surrounding the homes (Table 2) , with 87.9% of homes having landscaping directly abutting the exterior of the structure and 96.9% of homes having a lawn. Tree cover over the homes was less common, with 57.6% of homes having no tree cover over their roofs. Fifty of the homes had some sort of outbuilding (Table  2) , including sheds (58%), garages (34%), barns (24%), and trailers (12%). Other features observed in the peridomestic area of the homes included woodpiles (52.3%), dog kennels (20%), chicken coops (6.2%), construction debris (72.3%), abandoned cars (27.7%), and broken concrete piles (13.9%).
Fifty-one households reported owning at least one pet (Table 3) , with the most commonly owned pets being dogs (80.4%) and cats (51.0%). Of these, several reported having pets that slept outdoors (46.3% of households with dogs, 65.4% of households with cats). Outdoor pets were observed by study personnel at 46 homes. Livestock were observed at 10.3% of households, including horses (7.4%), chickens (4.6%), and rabbits (1.5%). Nondomesticated animals were observed at 11 households, with evidence of wild animals such as scat, burrows, or disturbed soil consistent with swine rooting visible at an additional 49 households.
Households reported seeing armadillos (12.3%), mice (7.7%), squirrels (4.6%), rabbits (4.6%), and raccoons (3.0%) in the peridomestic environment during the previous month. Factors Associated With the Presence of T. sanguisuga. Utilization of air-conditioning was signiÞ-cantly associated with the presence of T. sanguisuga in the home. Households reporting no air-conditioning use were signiÞcantly more likely to have T. sanguisuga found on site than those reporting any use of airconditioning (OR ϭ 37.00; P ϭ 0.018; Table 1 ). House integrity, type of air-conditioning unit, presence of window screens, and leaving windows open at night was not associated with T. sanguisuga presence. Homeowner-reported sightings of T. sanguisuga were not associated with the physical presence of the bug during the study interval. Similarly, presence of outbuildings, landscaping, or tree cover did not result in an increased likelihood of T. sanguisuga presence (Table  2) . However, while the presence of a chicken coop on the property was low (N ϭ 4) , it was signiÞcantly associated with the presence of T. sanguisuga (OR ϭ 31.20; P ϭ 0.006).
Cat ownership signiÞcantly increased the risk of Þnding T. sanguisuga in the home (OR ϭ 7.18; P ϭ 0.022; Table 3 ), as did the presence of outdoor cats (OR ϭ 18.28; P ϭ 0.0004). Livestock observed on the property was also signiÞcantly associated with T. sanguisuga presence (OR ϭ 13.50; P ϭ 0.017); however, when speciÞc types of livestock were examined independently, the association was entirely because of the presence of chickens (OR ϭ 60.85; P ϭ 0.002; N ϭ 3). Neither sightings of wild animals nor evidence of their presence was associated with the existence of T. sanguisuga in the home.
Multivariate logistic regressions of the above-mentioned six signiÞcantly associated environmental factors yielded no apparent improvement over univariate regressions. Exact logistic regressions were run on all linear combinations of two or more of the six variables; in none of these 57 regressions were all included variables signiÞcant predictors of T. sanguisuga presence at the P ϭ 0.100 level of signiÞcance. The logistic regressions were ranked by the c statistic, the best regression included only cat ownership (c ϭ 0.809).
Discussion
While mandatory reporting and increased disease awareness by physicians can assist to better establish incidence, autochthonous transmission of Trypanosoma cruzi is believed to be rare within the United States. Before the Þrst FDA-licensed Chagas antibody test for blood banking in 2007, only seven locally acquired cases had been reported in the United States, in Texas (Woody and Woody 1955 , Ochs et al. 1996 , Kjos et al. 2009 ), Tennessee (Herwaldt et al. 2000) , California (Schifßer et al. 1984) , and Louisiana (Dorn et al. 2007 ).
An entomologic investigation of the Louisiana caseÕs residence documented the presence of a T. sanguisuga population with high rates (60.4%) of T. cruzi infection (Cesa et al. 2011 ). Two recently described autochthonous cases from Mississippi reported environmental exposure to opossums, raccoons, and armadillos. A single adult T. sanguisuga was recovered from each patientÕs house (Cantey et al. 2012) . Those data suggested that residents living in similar conditions could be at risk for exposure and infection. The current study was designed to determine local risk factors for T. cruzi infection by testing residents in rural New Orleans for evidence of recent T. cruzi exposure and by observing environmental associations with peridomestic T. sanguisuga presence.
Our study identiÞed several household risk factors for T. sanguisuga presence in southeastern Louisiana. The greatest risk (OR ϭ 60.85) was associated with the presence of chickens on the property. Similar associations with chickens have been found for other T. cruzi vectors, including Triatoma dimidiata (Latreille) (Zeledó n et al. 2005) , Triatoma sordida Stål (Guilherme et al. 2001) , and Triatoma infestans Klug (Cecere et al. 1997) . The presence of chickens in or near the home has also been associated with human T. cruzi seropositivity (Gü rtler et al. 1998 ). In the current study, chickens were not found in the home, and generally were kept in a coop at night to avoid predators. It seems likely that the presence of chickens draws the vectors to the property for a bloodmeal; however, it is unclear why other outdoor livestock do not show a similar association.
We also found that ownership of cats, especially those who spend at least part of the day outdoors, was signiÞcantly associated with the presence of the local T. cruzi vector in the home (OR ϭ 7.18 and OR ϭ 18.28, respectively). Cats have also been associated with the presence of triatomines in households in Colombia and Mexico (Enger et al. 2004 , CampbellLendrum et al. 2007 . Interestingly, the current study did not Þnd a relationship between ownership of other pets and T. sanguisuga presence. These results appear to contrast with previous research that found peridomiciliary infestation signiÞcantly associated with numbers of dogs (Enger et al. 2004 ) and dogs entering the house (Ramsey et al. 2005) , and that dogs inside the house were responsible for a high infection rate among triatomine vectors and bites to humans (Gü rtler et al. 1998 , Catalá et al. 2004 . Previous studies in Central and South America have identiÞed dogs as important reservoirs of T. cruzi, with signiÞcant associations between the presence of infected dogs and both the presence of infected vectors and human seropositivity (Mott et al. 1978 , Gü rtler et al. 1991 , Gü rtler et al. 1996 , Jimé nez-Coello et al. 2010 . Infected dogs are found in the southeastern United States, suggesting active transmission of T. cruzi is present (Barr et al. 1991a , Beard et al. 2003 , Kjos et al. 2008 , McPhatter et al. 2012 . Previous analyses have identiÞed several triatomine species implicated in feeding on human as well as chicken, dog, rodent, and cat hosts (Guilherme et al. 2001 , Zeledó n et al. 2005 . Unfortunately, the feeding preferences of T. sanguisuga are as yet unknown. Bloodmeal analyses conducted on collected T. sanguisuga could yield information as to its preferred host species, which may give insight as to why certain types of animal reservoirs are associated with the presence of the vector while others are not.
Lack of air-conditioning was also identiÞed as a risk factor for T. sanguisuga presence, as households that did not use air-conditioning were signiÞcantly more likely to have T. sanguisuga in and around the home (OR ϭ 37.00). T. infestans, a South American T. cruzi vector known to be associated with many human infections, has been found to prefer refuges in which the ambient temperature is similar to the body temperature of the vertebrate host species (Lorenzo and Lazzari 1999) . Based on our data, it appears that the use of air-conditioning within the home acts as a deterrent for entry of blood-seeking T. sanguisuga; however, studies of the temperature preference and host detection cues of T. sanguisuga have yet to be performed.
No individuals within the study area had evidence of recent exposure to T. cruzi, suggesting that autochthonous insect-mediated transmission in this region is low. Housing characteristics in the area would be expected to present a barrier to indoor T. sanguisuga infestation, although bugs were collected inside homes and in the peridomestic environment. Examining blood samples for exposure to T. sanguisuga saliva will yield additional information of the overall risk of human exposure to the local T. cruzi vector species.
This study represents an important Þrst step toward determining factors for T. sanguisuga presence in and around homes, and therefore human risk of T. cruzi infection in southeastern Louisiana; however, additional research is warranted. Low rates of homeowner participation may have resulted in missing potential associations between environmental or peridomestic factors and T. sanguisuga presence. The timing of the serosurvey may also have impacted our results. Peak T. sanguisuga activity in this area occurs from late June through September (Cesa et al. 2011 ) and nearly all triatomines for this study were collected during the summer of 2009. Future studies for peridomestic T. sanguisuga in southeastern Louisiana should be performed during peak activity to maximize sample numbers. The number of triatomines collected during inspections was relatively low in comparison with the number collected by homeowners. While it is encouraging that homeowners can positively identify triatomines and are a more sensitive indicator over time, other methods could be deployed to increase success during peridomestic inspections.
Our research suggests that the risk of autochthonous insect transmission events of Chagas disease in humans is low in southeastern Louisiana, but possible because of high infection rates of the local vector population. The major local risk factors identiÞed are similar to those previously found for other T. cruzi vectors, including the presence of chickens and cats on the property and lack of air-conditioning. However, the lack of association between dog ownership and T. sanguisuga presence in and around homes was unexpected. While dog ownership was high in the cohort of individuals participating in the study, fewer than half of the animals slept outside at night; conversely, cats were much more likely to be outside at night (Table 3) . It is also possible that the behavior and feeding preferences of the local vector species may be different than that of other triatomines; examination of T. sanguisuga behavior and regional ecology will be critical to help further reÞne local Chagas disease transmission risk.
